The Morris Water Maze (MWM) was first established by neuroscientist Richard G. Morris in 1981 in order to test hippocampal-dependent learning, including acquisition of spatial memoryand long-term spatial memory 1 . The MWM is a relatively simple procedure typically consisting of six day trials, the main advantage being the differentiation between the spatial (hidden-platform) and non-spatial (visible platform) conditions [2] [3] [4] . In addition, the MWM testing environment reduces odor trail interference 5 . This has led the task to be used extensively in the study of the neurobiology and neuropharmacology of spatial learning and memory. The MWM plays an important role in the validation of rodent models for neurocognitive disorders such as Alzheimer's Disease 6, 7 . In this protocol we discussed the typical procedure of MWM for testing learning and memory and data analysis commonly used in Alzheimer's disease transgenic model mice.
for an example protocol.
2. Testing procedure 1. Transfer the mice from their housing facility to the behavior room. Keep the mice in an area where they cannot see the pool or spatial cues. Let them adjust to the new environment for at least 30 minutes before testing. 2. Place a flag on the platform to increase its visibility. 3. To begin testing, lift mouse from the home cage by the base of the tail. Support the mouse as you bring it to the testing area. Lifting the mouse by the base of the tail, gently place the mouse into the water, facing the edge of the pool. Quickly leave the testing area. 4. If the mouse finds the platform before the 60 sec cut-off, allow the mouse to stay on the platform for 5 seconds then return it to its home cage. If the mouse does not find the platform, place the mouse on the platform and allow it to stay there for 20 sec before returning it to its home cage. 5. Repeat for all mice in the trail. Begin each subsequent trial with a different platform location and starting direction, as you have programmed into your software. 6. When testing is complete, return the mice to their housing facility. Mice are dried off and normothermia is assured prior to returning to animal facility. 7. In preparation for the following day, remove the flag from the platform and add additional water to the pool to submerge the platform to 1cm below the surface. 
Days 2-5: Hidden Platform

Data analysis
1. For each day and each mouse, average the 5 trials to give a single path length and escape latency for each test subject. Calculate the combined error appropriately. For day 6, simply collect the path length, escape latency, and time spent in the platform quadrant for each mouse. 2. If any differences exist between groups on Day 1, it is likely a problem with vision rather than learning and memory. Only proceed with analysis if no differences are seen on day 1. 3. Compare the learning curves for Days 2-5 using statistics appropriate for your data set. A steeper curve represents faster task acquisition; a shallower curve represents a deficit in task acquisition. The data from day 2 to day 5 are analyzed using ANOWA. 4. For day 6, compare the percent of time spent in the previously learned platform quadrant, using statistics appropriate for your data set. A higher percentage of time spent in the platform quadrant is interpreted as a higher level of memory retention.
Representative Results
We have used the Morris Water Maze test to examine hypoxia's effect on AD pathogenesis (7) and valproic acid (VPA)'s pharmaceutical potential for AD treatment (6) in transgenic AD model mice. Figure 3 is the representative result we reported in our study on VPA's effect on memory deficits in the APP23 AD mouse model (6) . On day 1 (visible platform trials), there is no difference between the VPA treated and control groups in latency (Fig. 3A) and path length (Fig. 3A) indicating that both of the groups have similar motor and visual capabilities. From this we assume the mice are able to see the flagged-platform and the cues in surrounding environment, and can swim acceptably. For days 2-5 (Day 1 to 4 of hidden platform trials) the example shows a difference in the escape latency (Fig. 3C ) and path length (Fig 3D) between the groups, suggesting that VPA treated mice performed significantly better than controls over time. VPA treatment compared to control (Fig. 3E ). These data indicate that VPA treatment significantly improves the memory deficits seen in APP23 mice. Table 1 . Sample water maze protocol* * Note how both the platform position and starting direction change on day 1, whereas on days 2-5 the platform position remains constant while the starting direction changes. On day 6, there is no platform and a single trial. The starting direction for day 6 is farthest from the previous platform location (SW) so that the mice must travel some distance before entering the previously learned platform quadrant.
Discussion
Age, sex, species, and strain differences influence MWM performance (8) . Studies indicate that aged mice have poor performance in the MWM, while male rodents perform better than females; additionally, floating is more pronounced in mice than rats (9, 10) . Therefore, these elements should be equated across all tests. Evidence also suggests that stressed animals perform more poorly in the MWM (11), thus environmental factors which may cause stress, such as temperature, light, and noise, should be monitored and kept constant over the task.
